Summary. Multiple primary cancers of the breast and ovary were investigated as part of a survey being undertaken at the Birmingham and West Midlands Regional Cancer Registry. Population-based data relating to 17,756 registrations for breast and 3470 for ovarian cancer between 1950 and 1964 were analysed. On the basis of person-years at risk and incidence rates for the Region (1960Region ( -1962, an increased risk of a second primary tumour in the ovary was observed in patients diagnosed with a first primary in the breast before 45 years of age (O = 8; E = 1 *83; P < 0 001). No excess was found in patients diagnosed after 45 years of age (O = 15; E =17.06). In patients with an index tumour of the ovary, the observed number of second primary tumours of the breast was not significantly different from the expected number (O= 19; E = 12-95).
with an index tumour of the ovary, the observed number of second primary tumours of the breast was not significantly different from the expected number (O= 19; E = 12-95) .
Complementary analysis (a combined assessment for the 2 sites) showed that the development of a first primary at either site before 45 years of age carried a 2-8-fold risk of a second primary tumour at the other site (0=9; E=3-21; P<0-01). After 45 years of age no increased risk was found (0=32; E=28-63) . Over all ages a 1-3-fold risk was observed (0=42; E=31 54; P<0-05) .
No evidence of subfertility was found in the 9 patients in the high-risk premenopausal group who developed the 2 tumours. The results are more consistent with an aetiology of early exposure to an external carcinogen than with one of abnormal hormone production.
A SURVEY of data held at the Birmingham Regional Cancer Registry is being uindertaken to establish the incidence of multiple primary cancers in the West Midlands Region. A previous paper reported the incidence of bilateral breast cancer in the Region (Prior & Waterhouse, 1978) and indicated that such tumours occurred at a higher rate in patients diagnosed with a first primary in the premenopausal period. Many independent investigations suggest the implication of endocrine hormones in the pathogenesis of breast cancer as important factors in, at least, promotion if not in initiation.
It does not seem unreasonable to suggest then that other hormone-dependent tissues might also be at risk for cancer in a patient with cancer of breast and that such a risk miglht be revealed by the occurrence of tumours at associated sites in the same individual. Because of the close relationship between ovarian activity and the development and metabolism of breast tissue, the incidence of tumours of ovary and breast, occurring as multiple primaries, has been examined.
Previous studies Previous reports on the association between tumours of the breast and ovary are summarized in Table I . Only those surveys based on relatively large data sources and using authenticated incidence rates for computing expected nuLmbers of tumours have been included. When breast occurred as the first primary, 3 of the 5 analyses showed a significant excess of second primaries in the ovary, RR being about 2-fold. The fifth survey (Newell , 1974) suggested that there might be a differential risk between "whites" and "blacks", but the numbers involved were probably too small for any firm conclusion. Of the 3 reports available for the reverse sequence of tumours (ovary followed by breast) one indicated a significant excess of second primary tumours in the breast, RR being estimated as 4-4-fold from the hospital-based data of the Memorial Sloan-Kettering Cancer Centre, whereas the 1P4-fold risk found in the populationbased series from the Connecticut Tumor
Registry did not reach the 5% significance level. No significant excess was found in the series from the End Results Program data.
MATERIALS AND METHODS
Information held at the Birmingham Regional Cancer Registry relates to a welldefined geographical and administrative region comprising 5 counties with a total population of 5 million. Covering both urban and rural communities, it is representative of the whole country. Data for the present analyses included all registrations for cancer of the breast and ovary between the years 1950 and 1964, all being followed to the 1965 anniversary of the date of first treatment, or to death if this occurred earlier. Age distributions within the 2 index sites are given in Table II. In the first instance, the conventional approach to analysis was used: taking each index site in turn, only subsequent tumours at the other site were considered. This approach is referred to below as "Sequence" (Prior & Waterhouse, 1981b) , which combines information from the sequence analyses, was carried out. This approach attempts to reduce any methodological bias that might be inherent in the sequence analyses.
Although the primary nature of second tumours is generally assessed before registration, inetastases from either breast or ovary are not uncommon at the other site. All cases were, therefore, reviewed before being included in the observed numbers of the analyses.
The signiificanice of the differeinces between observed and expected numbers was assessed using the Poisson distribution.
RESULTS
Tracing to the requisite dates was achieved for 99.500 of the breast series, yielding 62,502 5 person-years at risk for analysis. For the ovarian series tracing reached 99-9%o with a yield of person-years.
Forty-two patients were diaginosed with primary tumours at both sites. In 6 cases the tumours were considered to be coincidental diagnoses; that is they were diagnosed on the same day or within one month of the other primary. Twenty-two breast-cancer patients subsequently developed a tumour of the ovary and 14 patients with ovarian cancer developed a tumour of the breast after an interval of more than one month. significance (P = 0.049). In women with a first primary diagnosed before the age of 45 years (premenopausal group) the excess of second primary tumours was highly significant (P < 0 0 1 ), whereas neither the excess in the perimenopausal group (45-59 years) nor the small deficit in the postnmenopausal group (60 + years) reached statistical significance (Table IV) . On combining the latter two groups (45 + years) a small excess of 4 tumours was found.
Age at second primary diagnosis. Complementary analysis shows that the excess of second primary tumours occurs before the age of 60 years. After this age, the observed numbers were found to fluctuate about the expected numbers (Fig. 1) .
Interval between diagnoses. There was a 2-8-fold risk in the premenopausal group, and despite the small numbers the cumulative RR remained remarkably constant over time. Although RR was somewhat lower in the first year (2.4), over the remaining years the cumulative risk was about 3-fold, varying from 2 7 to 3 2. For those patients aged 45 and over, the cumulative observed and expected numbers were close over the whole period and, although a small excess was apparent, the overall RR (1.2) was not significantly different from l 0 (Fig. 2) .
Details of the 42 cases with 2 primary tumnours Histology. The result for M.S.C.C. suggests that the hospital population from which the series was drawn was highly selected for younger women, an inference that was drawn (Prior & Waterhouse, 1977 ) from a previous report from this centre (Berg et al., 1968) . The small difference between C.T.R. and Birmingham could be due, in part, to the statistical treatment of coincidental tumours, as well as to a differing age distribution at first primary diagnosis.
An association between functionally related sites such as breast and ovary suggests that hormonal influences should at least be considered as an explanation of the relationship (Schoenberg, 1977) . The finding that the increased risk was confined almost entirely to premenopausal patients supports this view. Although the role of hormones in the aetiology of breast cancer is still far from clear, oestrogens are regarded by some as the prime suspect, mainly on the basis of animal experiments and because some human tumours respond to hormone therapy. Others favour a theory of abnormal androgeni metabolism (Bulbrook et al., 1971 ) while progesteronedeficiency as a risk factor also has its advocates (Sherman and Korenimann, 1974; Cowan, 1979) . Epidemiological factors such as marital status, reproductive history and early castration have been found to be associated with the risk of breast cancer, thereby suggesting that ovarian activity, whether directly related to hormones or not, plays some part in tumour development. It seems unlikely that a unified theory could account for the whole spectrum of breast cancer, even one as non-specific as "ovarian activity", unless any abnormality in the endocrine feed-back system represents a risk factor for hormone-dependent tissues. Steroid abnormalities may be multi-directional, and relative proportions may be more important than the absolute level of an individual hormone (Lemon et al., 1966; Wang et al., 1972) .
Single status and low parity have also been suggested as high-risk factors for ovarian cancer. "Ovulatory age", that is the number of ovarian cycles experienced, has been shown to correlate directly with risk (Casagrande et al., 1979) . We found no evidence to support an excess of single women among those developing the two tumours.
Although ovarian tumours have been induced in animals by oestrogens (Jabara, 1962) , oestrogens have only recently been implicated in the human disease (Hoover et al., 1977) . In rats, implanted pituitary tumours, secreting LH and FSH, induce oestrogen-secreting granulosa-cell tumours of the ovary which, on transplantation to a new host, induce mammary tumours (Iglesias, 1974 (Varga & Henrikson, 1964; Ward, 1972) (Lynch et al., 1978 (Mattison & Thorgeirsson, 1978) . In multiple-regression analyses of cancer mortality in North America, environmental factors (in particular atmospheric pollution) were significant in models for both breast and ovary. Cigarette smoking, too, emerged as a significant factor for ovarian cancer (Wellington et al., 1979) . This evidence, taken in conjunction with that of Nomura (1973) , who induced cystadenomas (tumours which are rare in rodents) in the progeny of mice injected with urethane during gestation, suggests that an external carcinogen might be a relevant factor in both ovarian and breast cancer. The time at which the carcinogen is encountered may also be important, especially in relation to pregnancy, because it seems likely on the basis of animal experiments that pregnancy during exposure may confer protection. Any protective effect in humans may not, however, be detectable until the perimenopausal period.
Although many of the aetiological factors suggested by the epidemiological studies are common for both tumours, not all may be relevant to the association between breast and ovary. For instance, because the risk of developing the two tumours was highest in the premenopausal group, early onset might suggest a familial factor. However, in contrast with bilateral breast cancer, for which high rates were observed as early as 20-24 years of age and which has a strong familial component, the earliest first primary tumour in patients with both breast and ovarian cancer was diagnosed at 35 years. Thus, those patients with early onset may only represent a group exposed at or soon after puberty, when tissues of both organs may be affected becauise they are particularly susceptible at this time (Furth, 1973) . The effect of later exposures might be modified by reproductive experience, thus producing an apparent decrease in risk with increasing age. The level of protection might also be different at the two sites. Although no direct relationship could be found between the number of pregnancies and the interval between diagnoses it is of interest to note that the one unmarried patient (of the 9 premenopausal patients with two tumours) developed synchronous tumours at the age of 43 years. In the remaining 8 patients, the breast tumour always presented first.
With very early initiation of the tumours, a period of unopposed ovarian cycling might be sufficient to explain the progression of these tumours, without the need to invoke any inherent hormonal abnormality. Certainly, in the premenopausal patients there was no evidence of sub-fertility, but unfortunately we had no information on the ages at which pregnancies occurred, and could not assess "ovulatory" age.
Ovarian activity has been implicated in the induction of breast cancer in premenopausal patients (MacMahon & Cole, 1972) . Ethnic (MacMahon et al., 1974 ) and familial differences in oestrogen levels (Henderson et al., 1975) might implicate genetic factors for breast cancer. Interest has centred on relative oestrogen levels, but if hyperoestrogenism is a relevant factor in premenopausal breast-cancer patients, an association between breast and corpus uteri might be anticipated in this age range. The association between breast and corpus has been found only in post-menopausal patients (Bailar, 1963) . Therefore the association between breast and ovary probably has a different aetiology.
Unopposed oestrogen, then, seems an unlikely explanation of the association between breast and ovary, and the normal levels of fertility suggest no radical ovarian dysfunction. The simple explanation could be that the association occurs in women exposed to an external carcinogen at an early age or at least before a first pregnancy. A period of continuous ovarian cycling might be sufficient to explain the promotion of initiated cells, though it would be necessary to assume that gonadotrophins are capable of producing cell-division in the germinal layer or stroma of the ovary. Mitosis of breast cells may not be very extensive during the menstrual cycle, but rapid and maximum proliferation occurs with the first pregnancy, and an already-transformed cell might also proliferate at this time and, to a lesser extent, at subsequent pregnancies. However, during pregnancy high levels of progesterone would inhibit pituitary secretion, thus delaying the development of an initiated ovarian tumour. Such a delay might explain why, in the high-risk premenopausal group, the breast tumour presented first in each case in married women.
